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and implementation as a response to the changing dynamics in these countries
pre- and post-BRICS formation. Therefore, the context of this paper is aimed
towards examining the short term causalities and long term integration among
the BRICS stock market pre- and post-BRICS formation. The research applies the
Augmented Dicker-Fuller (ADF) and Philips-Perron tests (PP) tests to analyze sta-
tionarity among the selected variables. The pre- and post-BRICS formation long-
term linear relationship is investigated using Johansen and Juselius cointegration
test while the Granger Causality is applied to assess the direction of the causality
between the stock market indices. The study also extends the investigation by
employing the impulse response function and variance decomposition to evaluate
the reaction of each of the BRICS market to a shock from other BRICS stock
markets. Weekly stock market indices of BRICS countries were used covering the
period from January 2003 to December 2018. One key finding is that the degree of
financial integration among the BRICS stock markets has moderately strength-
ened in the post-BRICS formation period compared to the pre-BRICS formation
period. Another significant finding is that the Chinese stock market are mostly
independent from other BRICS markets in the two aforementioned sub-periods,
implying diversification benefits for the international investors both in the short
and the long run. Further, the results also reveal a unidirectional causal relation-
ship from the Russian stock market to its BRICS counterparts in both periods.
Finally, the overall results show an increased responsiveness of stock markets in
BRICS countries to shocks in each other after the formation of the bloc as com-
pared to pre- formation period.
Subjects: Finance; Corporate Finance; Banking; Investment & Securities
Keywords: BRICS; financial integration; Johansen-Juselius cointegration test; Granger
causality; portfolio diversification; impulse response function; variance decomposition
analysis
JEL: C58; F36; G11; G15
1. Introduction
BRICS is an acronym referring to a bloc of emerging national economies: Brazil, Russia, India, China
and South Africa. The BRIC bloc was established in June 2009 with four founding member nations;
South Africa joined in 2010. Today, the five BRICS countries together account for almost a quarter of
the Earth’s landmass, more than 40 percent of the world’s population, and 46 percent of the world’s
labor force. BRICS countries are credited for nearly 30 percent of global gross domestic product and
almost 50 percent of the global economic growth (Rasoulinezhadr & Jabalameli, 2018). Additionally,
the combined GDP of BRICS countries is projected to exceed 128 USD trillion in 2050 as compared to
a projected 66USD trillion for the G7 countries (Hammoudeh et al., 2013). BRICS nations nowplay a key
role in the world’s economy as producers of goods and services and potential consumer markets for
most developed countrieswith a significant improvement in their share of theworld trade over the last
two decades from 3.6 percent to over 15 percent. BRICS exports value has expanded from 494
USD billion in 2001 to 2902 USD billion in 2016, and BRICS imports increased from 417 USD billion in
2001 to 2339 USD billion in 2016 (Rasoulinezhadr & Jabalameli, 2018). Because of their high levels of
economic growth and high returns on investment, the BRICS countries have proved to be attractive
destinations to foreign investors: foreign direct investment (FDI) inflows to BRICS countries have
increased from 81 billion USD in 2000 to over 221 billion USD in 2012. Furthermore, since financialisa-
tion in BRICS countries has gained considerable momentum, their financial markets have emerged as
attractive prospective avenues for international financial investors (Adu et al., 2015).
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International portfolio diversification is an investment strategy used to reduce portfolio risk
to any particular financial market and reduce the volatility of returns (Vo, 2017, 2018a, 2018b,
Vo & Ellis, 2018; Vo et al., 2017; Vo & Tran, 2020). Foreign investors are looking to diversify their
portfolio in emerging markets equities also provide significant benefits for firms in these
markets (Vo, 2018c, 2019; Vo & Chu, 2019). Investors became more aware of the benefits of
investing internationally due of the fact that securities tend to be less correlated across
countries than within a country. However, the effectiveness of diversifying investments across
different international markets depends on how integrated the financial markets are. If two
international financial markets are highly integrated, then the benefits of diversifying invest-
ments across the two markets are very limited. Modern portfolio theory suggests that the
benefits of international diversification depend on the degree to which the markets move
together. If the markets are perfectly correlated, then there will be no benefit to portfolio
diversification. Therefore, markets that are less integrated or segmented will likely provide
opportunities to investors to achieve the benefits of portfolio diversification.
To aid efficient international investment, it is important to examine the level of financial integra-
tion between different international financial markets and the bias behavior of investors (Batten &
Vo, 2010; Daly & Vo, 2013; Vo, 2009, Vo & Daly 2005a, 2005b; Vo & Daly, 2008). This is important for
investors, but it also an important area of research for policy makers, bankers and regulators. Policy
makers want to make sure that international portfolio diversification leads to efficient portfolio
management. However, as markets become more integrated, there are important regulatory issues,
for example, relating to the need to manage cross border financial contagion in a crisis. Therefore,
the examination of the integration between various financial markets using improved econometric
technics is an important area of research that this paper contributes.
Having a clear understanding of the financial integration among BRICS stock markets is neces-
sary for investors, investment funds and policy makers. This is in part because stock markets in
BRICS countries might have the potential to become a safe destination for portfolio diversification.
As such, this paper examines the shift in the nature and strength of financial integration among
BRICS markets. To this end, the paper seeks to answer three important research questions: i) Have
the short and long-term financial linkage between the BRICS countries increased (become more
extensive) in the post-formation period?; ii) When comparing pre-formation and post-formation
sub-periods, has each BRICS stock market become more responsive to shocks in other BRICS stock
markets?; and iii) Do portfolio diversification benefits among BRICS stock markets still exist after
the formation of the BRICS bloc?
In exploring the answers to these questions, the paper employs the Johansen-Juselius cointe-
gration test for cointegration along with the relevant tests of weak exogeneity, exclusion, and
normalization. It also applies the Granger Causality test within a Vector Error Correction Model
(VECM), and Innovation Accounting Analysis for quantitative causality techniques involving the
Variance Decomposition and Impulse Response Function in order to explore causal relationships.
The remainder of this study proceeds as follows. Section 2 reviews the recent empirical studies
on international financial integration. Section 3 introduces the data set. Section 4 provides the
empirical results. Finally, section 5 concludes the paper.
2. Review of recent empirical studies
Numerous empirical studies have examined financial integration between developed economies,
the financial integration among Asian stock markets and between Asian and developed markets,
the financial integration between stock markets in Latin American Countries, and financial inte-
gration among stock markets in the Middle East and North Africa (MENA) region.1 Now there is an
emerging body of research utilizing cointegration and causality techniques to measure the finan-
cial linkages and integration among BRICS stock markets. However, because the BRICS bloc only
came into existence in 2009, there are relatively few empirical studies of the impact of the
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formation of the bloc, and thus little consensus about the nature and degree of financial integra-
tion within the BRICS bloc and between the bloc members and developed markets.
The first empirical studies of what became the BRICS bloc were Chittedi (2009), Bahr and Nikolova
(2009), An and Brown (2010), and Chittedi (2009) used the Johansen-Juselius cointegration method
with the Granger causality tests to find a long-term relationship between the US, UK and Japanese
stockmarkets for the period 1998 to 2009. He also found the Indian stockmarket to be themost active
of the BRIC and more closely linked to developed markets compared to the Brazilian, Russian and
Chinese markets. Bahr and Nikolova (2009) similarly found the Indian stock market to be strongly
integrated at regional and international levels when compared to the other BRIC countries. An and
Brown (2010), however, examining the period 1995 to 2009, found that only China exhibited a strong
long-term equilibrium with the US, while India along with Brazil, Russia, and non-US developed were
found to be less integrated with the US. Fahami (2011) and Aloui et al. (2011) focused their attention
on the impact of the global financial crisis (GFC). Fahami (2011), examining the international financial
integration of BRIC stock markets, before, during and after the GFC, used the Johansen-Juselius
cointegration and Granger causality tests. He found that all BRIC stock markets were cointegrated in
the three periods, however, an increasing number of causal relations occurred during the crisis period.
Aloui et al. (2011) also examined the financial interdependences between BRIC countries and the US
over the period 2004 to 2009 in order to examine the impact of the GFC. The results show strong
evidence of time-varying dependency between BRIC and USmarkets. Sheu and Liao (2011), using both
linear (Engle-Granger) and non-linear (Enders-Siklos) cointegration methods along with the Granger
causality test, also investigated the integration among stockmarkets in Brazil, China, India, Russia and
US and found not just short-term but long-term relationships between the BRIC markets. Further,
Gambhir and Bhandari (2011), using Johansen-Juselius cointegration and Granger causality tests of
BRIC stock markets between 2004 and 2010, found the markets to be cointegrated, with no market
having a stronger influence than any other.
Despite the differences between these studies, their overall findings implied that most of the
BRIC markets offered considerable portfolio diversification opportunities for international financial
investors, especially in non-crisis periods. However, because these studies covered only the pre-
bloc period, they were unable to examine the possible implications of greater financial integration
due to the formation of the bloc.
The incorporation of data from the post-formation period of the BRICS by more recent studies has
cast doubt on the above findings. Gupta (2011), for example, examined the correlation between the
BRICS stock markets between 2008 and 2011 using the Granger causality test and found short-term
relationships between the BRIC countries. Ahmad et al. (2013), using the DCC-GARCH model,
examined the contagion effect of a Eurozone crisis on stock markets in Brazil, Russia, India,
Indonesia, China, South Africa and South Korea over the period 2009 and 2012, finding strong
links between Brazil, India, Russia, China and South Africa and the Eurozone crisis. Zhang et al.
(2013), using the same method to measure the effect of the GFC on the correlation among BRICS
and U.S. and European stock markets, found that a permanent change in the long-term correlations
between the emerging BRICS and the developed markets with Brazil and Russia’s stock markets
exhibiting stronger correlations with developed countries than that of India and China.
Zhong et al. (2014) used the nonparametric cointegration test of Bierens (1997) to investigate
whether there are long-term benefits from international equity diversification between BRICS coun-
tries and the US over the period 1997 to 2012. Their findings revealed that stock markets of BRICS
exhibit pairwise cointegration with the US market. Similarly, Nashier (2015) examined integration
among BRICS, US and the UK over the period 2004 to 2013 and found the all markets were integrated
in both the short and the long-term. By contrast, when Dasgupta (2013) examined the dynamic
linkage among stock markets in BRIC countries and the US (using the Johansen-Juselius cointegration
method), he found that all stock markets in these countries were segmented in the long-
term—except for the Indian and Brazilian markets, which showed long-term integration.
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More recently, Ouattara (2017) examined the short-term linkages and the long-term cointegra-
tion level among the BRICS stock markets over the period from 2000 to 2015 using quarterly data.
This study used the Augmented Dicker-Fuller (ADF) and Philips-Perron (PP) tests to analyze statio-
narity among the selected variables. The research applied the correlation test to investigate the
degree of freedom existing among BRICS stock markets. The research used Johansen-Juselius
cointegration test to investigate the existence of long term cointegration, while the Pairwise
Granger Causality and the Wald tests were applied to gauge the direction of the causality between
the stock market. A key findings was that the Chinese stock market was found to be mostly
independent from other BRICS stock markets and the BRICS stock markets are not cointegrated in
the long-term, making them a favorable destination for long-term international investors who seek
diversification benefits in these other markets. In the same vein, Prakash et al. (2017) examined
the degree of financial integration among BRICS equity markets using monthly data over the
period 2005 to 2014. They use the Johansen-Juselius cointegration test and Granger causality test.
The results suggest that there is an ascending but weak long-term financial cointegration between
BRICS equity markets. The results of the Granger causality test showed no causality among market
pairs China–Brazil, Russia–Brazil, South Africa–Brazil, Russia—China, and South Africa–India.
In summary, the empirical findings on the question of integration/segmentation of the BRICS
bloc are mixed, if not somewhat contradictory. We suggest the lack of empirical consensus could
be due to two factors. First, the earliest studies could only examine the pre-formation period and
therefore, unlike later studies, did not include the post-formation period data. Second, generally
speaking, the later empirical studies which examined longer time-series did not seek to distinguish
the pre- and post-formation periods. As such, little work has been done on the impact of BRICS
bloc formation on the interconnectedness of stock markets. Yet it is prima facie plausible that the
formation of the BRICS group has had a significant effect on both domestic and international
financial markets, which in turn could open the door to a high level of regional financial integra-
tion. We propose that some of the empirical ambiguity in the literature about BRICS bloc integra-
tion/segmentation can be removed by delineating the pre-formation and post-formation bloc
periods, thereby potentially revealing emergent changes in integration/segmentation between
the BRICS due to the formation of the bloc in 2009. Our study thus intends to shed the light on
the potential changes of stock market integration among BRICS countries arising out of the post-
BRICS formation period as compared to the pre- formation era.
3. Data
This study employs weekly prices of major BRICS Indices, choosing one index from each country for
a period beginning January 1st, 2003 to December 31st, 2018. The advantages of using weekly
data are well documented in the finance literature. Weekly data has a significant advantage over
the daily and monthly data since, on the one hand, it avoids the autocorrelation and noise related
to daily observations (Wang et al., 2003), and on the other hand, it enables more robust testing for
short-lived interactions than monthly observations. The choice of the indices was made on the
basis of the availability of data on the Thomson Reuters Eikon database. The data for the following
indices have been selected: Sao Paulo SE Bovespa Index (Brazil), MOEX Russia Index (Russia), NIFTY
50 Index (India), Shanghai SE Composite Index (China), and Johannesburg Stock Exchange All
Share Index (South Africa). Crucial to this study, the data is divided into two sub-periods: pre-BRICS
formation (January 2003 to December 2009) and post-BRICS formation (January 2010 to
December 2018).2 (The BRICS formation point has been chosen according to the evolution of the
BRICS acronym in 2010 when South Africa was included in the group.)
4. Empirical analysis and results
The methodology employed in this paper is comprised of four main parts. First, we apply the conven-
tional augmented Dickey-Fuller (ADF) test (Dickey & Fuller, 1979) and the Phillips-Perron (PP) test
(Phillips & Perron, 1988) to test the unit root hypothesis—i.e. the stationarity of variables under
consideration. Second, we test for the existence of long-term co-movement among BRICS stock
markets using the Johansen-Juselius cointegration technique. Third, we test for short and long-term
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causal relationships between BRICS stock markets by applying Granger Causality test (by VECM).
Finally, we utilize the Innovation Accounting Analysis of Variance Decomposition and Impulse
Response Function to quantify the impact (effect) of each of the BRICS markets on each other.
4.1. Augmented Dickey Fuller (ADF) and Phillip-Perron (PP) Tests for Stationarity
The results of the Augmented Dickey Fuller (ADF) and Phillip-Perron (PP) tests indicate that our
variables are stationary in first level, integrated of order one I(1), satisfying the necessary condition
for Cointegration.3
4.2. Cointegration Test: The Johansen-Juselius approach
Granger’s (1981) original conception of cointegration testing sought to show that time-series
variables become cointegrated when they are bound in one or more long-term linear relationships,
in spite of any short-term deviation from the long-term path (Johansen & Juselius, 1990).
Cointegration testing was further developed and refined by Engle and Yoo (1987), Engle and
Granger (1987), and Stock and Watson (1988), Johansen (1988, 1991). In this paper, we apply
the Johansen-Juselius maximum likelihood approach to test for cointegration among BRICS stock
markets in pre- and post-BRICS formation periods.
Johansen and Juselius (1990) reproduced the VAR (K) model as follows:
Δyt ¼ μþ Γ1Δyt1 þ    þ Γk1Δytkþ1 þytk þ et (1)
Where; Γi ¼ ðI1  . . .i), i ¼ 1; . . . k 1ð Þ and  ¼  I1  . . . Kð Þ:
yt is an n 1 vector of nonstationary time series variables which are I(1); μ is an intercept vector;
Δ ¼ 1 L and L is the lag operator; I is the identity vector and  is n n long-term matrix; and 
represents all stationary linear combinations among yt variables. The Johansen-Juselius approach
aims at finding the number of characteristic roots of , which is equivalent to testing whether the
eigenvalues of  are significantly different from zero (Kasa, 1992).4
Johansen and Juselius (1990) proposed two test statistics to discover the rank of matrix , that
is the number of cointegrating vectors. The first test is called the trace statistic. The aim of this test
is to determine whether the smallest eigenvalues are significantly different from zero (Almohamad
et al., 2018):5
λtrace r0ð Þ ¼ T∑ni¼r0þ1 ln 1 bλi
 
(2)
where bλi are the estimated values of the characteristic roots, attained from matrix Π. T is the
number of observations of each variable. According to the trace test, the null hypothesis is
H0 : r  r0, which is tested against the alternative hypothesis H0 : r> r0.
The second test statistic is the maximum eigenvalues test. This test is based on the largest
estimated eigenvalues (r0+ 1):
λmax r0ð Þ ¼ Tln 1 bλr0þ1
 
(3)
where the null hypothesis of this test H0 : r  r0, is tested against the alternative hypoth-
esis H1 : r ¼ r0 þ 1.
Table 1 demonstrates the results of the Johansen-Juselius test in the pre- and post-BRICS
formation periods. In the pre-BRICS formation period, the results of the trace statistic test illustrate
that one cointegrating vector (long-term relationship) exists among BRICS stock markets in the
pre-BRICS formation period. However, the results of the maximum eigenvalue test indicate that no
cointegration exist among the aforementioned stock markets in the pre-BRICS formation period.
We adopt the outcomes of the trace statistic test since it is more powerful than the maximum
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eigenvalue test because the former takes into consideration all (n-r) of the smallest eigenvalues
(Kasa, 1992).
The same conflict appears to exist between the trace statistic test and maximum eigenvalue
test results in the post-BRICS formation period: the former indicates the existence of one coin-
tegration relationship among BRICS stock markets in post-BRICS formation, whereas the latter
exhibits no such cointegration. Again, we draw our conclusion based on the results of trace
statistic test indicating the presence of one cointegration vector.
4.2.1. Normalizing the cointegration vector: Exclusion and weak exogeneity tests
Based on the results in Table 1 which indicate the existence of one cointegration vector in both the
pre- and post-BRICS formation periods, we can rewrite equation (1) as follows:6
Δyt ¼ δþ Γ1Δyt1 þ . . .þ Γk1Δytkþ1 þ
αBr
αCh
αIn
αRu
αSA
2
66664
3
77775 βBr; βCh; βIn; βRu; βSA½ ytk þ et (4)
where, βBr; βCh; βIn; βRu; βSA represent the contribution of stock market indices in each of the BRICS
countries to the cointegration vector; αBr;αCh;αIn; αRu; αSA represent the speed of adjustments of
the aforementioned stock markets to the cointegration vector that follows any short-term devia-
tion from the long-term cointegration relationship.
The presence of a cointegration relationship does not in itself mean that all markets enter the
common trend, nor does it definitively mean that the benefits to portfolio diversification have been
eroded (Almohamad et al., 2018). Hence, further testing must be conducted in order to discover
the absence of any corresponding market in the long-term linear relationship. A valuable feature of
the Johansen-Juselius approach to cointegration is that it allows testing for restricted forms of
cointegration vectors by applying Exclusion and Weak Exogeneity tests.
The application of the exclusion test is necessary for determining the variables that are bound
together in a long-term linear relationship (cointegration) by examining the following hypothesis;
βij ¼ 0 for i = 1 (one cointegration vector), for each variable (j = 1, …,5).
Table 2 displays the results of the exclusion test for the pre- and post-BRICS formation periods.
In the pre-BRICS formation period, we reject the null hypotheses of β ¼ 0 at 1% confidence level
only for the Chinese, Russian and South African stock markets. This indicates that in the pre-BRICS
Table 2. Exclusion test results for pre- and post-BRICS Formation
Pre-BRICS Formation Post-BRICS Formation
Country Null Hypotheses χ2 Null Hypotheses χ2
(1) (2) (3) (4) (5)
Brazil βBrazil= 0 0.885 βBrazil= 0 13.132***
China βChina= 0 16.290*** βChina= 0 0.027
India βIndia= 0 2.361 βIndia= 0 3.135*
Russia βRussia= 0 56.111*** βRussia= 0 11.082***
South Africa βSouth:A= 0 42.713*** βSouth:A= 0 9.987***
Note: Column (1) illustrates the stock markets. Columns (2) and (3) illustrate results for pre-BRICS formation sub-
period. Columns (4) and (5) illustrate results for post-BRICS formation sub-period. Null hypothesis is β ¼ 0 which
implies that the variable (market) is excluded from cointegrating vector. χ2indicates for Chi-square test statistics for 1
degree of freedom. ***, **, * indicate rejection of the null hypotheses under 1%, 5% and 10% levels of confidence,
respectively.
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formation period, financial integration existed among the Chinese, Russian and South African stock
markets, whereas the Brazilian and Indian stock markets did not contribute to the long-term
relationship among BRICS stock markets. On the other hand, the results of post-BRICS formation
period indicate that the null hypothesis of exclusion is rejected for all BRICS stock markets
(at different levels of confidence) except for China. Hence, the overall outcomes of the exclusion
test indicate that the financial integration among most of the BRICS stock markets has strength-
ened after the formation of the BRICS bloc since more variables contribute to the cointegration
vector in the post- as compared to the pre-BRICS formation period examined.
Prior to displaying the long-term linear equations among cointegrated BRICS stock markets in
both periods, we need to determine the dependent/independent variables in the cointegration
equation. To this end, we perform the weak exogeneity test that examines the null hypothesis of
α = 0 by discovering the variables which have zero speed of adjustment to the cointegration vector.
Variables which have zero speed of adjustment are identified as exogenous variables that never
deviate from the long-term equilibrium relationship, whereas the variables that have non-zero
speed of adjustment are identified as endogenous variables (Almohamad et al., 2018).
Table 3 shows the results of the weak exogeneity test for the pre- and post-BRICS formation
periods. It should be noted that the weak exogeneity test has only been applied to the stock
markets which contribute to the long-term integration during the pre- and post-formation
periods—i.e. the outcomes of the weak exogeneity tests for BRICS stock markets excluded
from the cointegration system have not been reported since they are not part of the long-term
cointegration equation. The results in Table 3 indicate that in the pre-BRICS formation period,
the null hypothesis of weak exogeneity can be rejected only for the South African stock market,
indicating that it is expected to deviate from the long-term equilibrium relationship in the
short-term. However, the South African stock market adjusts to changes in exogenous variables
(viz. stock markets in China and Russia) in order to retain the long-term equilibrium. For the
post-BRICS formation period, Table 3 demonstrates that the null hypothesis of weak exogeneity
is rejected for the Brazilian and South African stock markets, hence both are endogenous to the
system, which indicates that the burden of adjusting the short-term deviations to long-term
equilibrium falls on these two markets.
Based on the outcomes of the exclusion and weak exogeneity tests, we can normalize the
cointegrating vectors in the pre- and post-BRICS formation periods. As mentioned above, the main
motivation behind the normalization is to depict the nature of the long-term relationship shared
among the cointegrated stock markets (Almohamad, 2016). The cointegration equation is normal-
ized around the variable that meets the following conditions: (i) is significant in the system
(contributes to cointegration relationship), (ii) is endogenous to the system (has non zero speed
Table 3. Weak Exogeneity test results for pre- and post-BRICS Formation
Pre-Crisis Post-Crisis
Country Null Hypotheses χ2 Null Hypotheses χ2
(1) (2) (3) (4) (5)
Brazil αBrazil= 0 - αBrazil= 0 9.117***
China αChina= 0 0.018 αChina= 0 -
India αIndia= 0 - αIndia= 0 0.003
Russia αRussia= 0 0.672 αRussia= 0 1.874
South Africa αSouth:A= 0 59.481*** αSouth:A= 0 9.250***
Note: Column (1) illustrates the stock markets. Columns (2) and (3) illustrate results for pre-BRICS formation sub-
period. Columns (4) and (5) illustrate results for post-BRICS formation sub-period. Null hypothesis is α ¼ 0 which
implies that the variable (market) is weakly exogenous. χ2indicates for Chi-square test statistics for 1 degree of
freedom. ***, **, * indicate rejection of the null hypotheses under 1%, 5% and 10% levels of confidence, respectively.
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of adjustment), and (iii) exhibits the largest value of χ2 test statistics for weak exogeneity
(Almohamad, 2016).
The pre-BRICS formation cointegration vector can be normalized around the South African stock
market since it is significant to the system (included in long-term relationship), and is the only
endogenous variable:
SA ¼ 0:83Chþ 3:62Ru (5)
The cointegration Equation (5) in the pre-BRICS formation suggests that a 1% increase in the stock
market index of China leads to 0.83% increase in the South African stock market index, whereas,
a 1% increase in the stock market index of Russia exhibits a greater impact and leads to 3.62%
increase in the South African stock market index. Following the same procedure, the cointegration
equation for post-BRICS formation is normalized around stock market of South Africa as follows:
SA ¼ 0:76Br þ 0:04Inþ 0:24Ru (6)
Equation (6) states that for a 1% increase in Brazilian, Indian and Russian stock market indices,
there is a 0.76%, 0.04% and 0.24% increase respectively in the South Africa stock market index. As
per Equations (5) and (6), the South African stock market appears to be influenced by other BRICS
partners in both the pre- and post-BRICS formation periods. These results are plausible considering
that first, the South African economy is smaller than its BRICS counterparts, and second, because
South Africa plays an important role in facilitating trade access for BRICS countries to the African
continent since South Africa is the trading hub of the South African Development Community
(SADC).7 It should also be noted that in Equation (6) China does not contribute to the long-term
cointegration equation in the post-BRICS formation period. This might be explained by the fact that
the Chinese economy relies heavily on finished product exports, mostly to developed economies;
China’s top ten trading partners during 2018 (with the exception of India) are developed econo-
mies, and account for 55% of total Chinese exports (World’s Top Exports, 2019).
4.3. Short and long-term causality tests: The Granger causality approach
The existence of cointegration relationships among BRICS stock markets in the pre- and post-
BRICS formation periods suggests short and long-term channels of causality among these mar-
kets. We thus apply the Granger (1969, 1988) causality test within the vector error correction
mechanism (VECM) in order to highlight the short and long-term causal relationships among BRICS
stock markets in the pre- and post-BRICS formation periods. The VECM model for pre- and post-
BRICS formation periods is represented as follows:
Δyt ¼ a0 þ a1ΔXt þ . . .þ ΔECt1 þ et (7)
where Δyt is (ΔBrt; ΔCht; ΔInt; ΔRut; ΔSAt), a0 is (a10; a20; a30; a40; a50), a1 is
(a11; a12; a13; a14; a15), and ΔXt= [ΔBrt; ΔCht; ΔInt; ΔRut; ΔSAt]. The short-term causal relation-
ships among BRICS stock markets are depicted through the column matrix a1 which indicates the
short-term effect of row matrix ΔXt on changes in Δyt. The long-term causal effects are measured
through the error correction-term ECt1. Δ indicates the speed of the short-term disequilibrium
correction needed to return to long-term equilibrium.
Table 4 reports the short and long-term causal relations found among the BRICS stock
markets in the pre-BRICS formation period. The t statistics of the error correction term is
only significant at 5% for the South African stock market, which indicates a long-term causal
effect of the Chinese and Russian stock markets on their South African counterpart.
Furthermore, the burden of the short-term adjustment to the long-term equilibrium falls on
the South African stock market. These results are in line with the findings of the cointegration
equation in the pre-BRICS formation period—see Equation (5)—where the South African stock
market is the dependent variable. The results of short-term causal relations are represented by
the F statistics, which indicate there are no bidirectional causalities between the BRICS stock
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markets in the pre-BRICS formation period. The results in Table 4 also indicate that the Russian
stock market plays an important role in the pre-BRICS formation period, as it influences all
other BRICS markets. This might be explained by the fact that Russia is the largest producer of
energy products among the BRICS economies, and a major oil supplier to its BRICS counter-
parts: according to World’s Top Exports’s (2019), Russia is the largest oil exporter to China with
Russian oil making up 15.8% of China’s total oil imports; it is also a major oil exporter to India.
Furthermore, the F-statistics in Table 4 illustrate the existence of unidirectional causality from
the Russian to the Brazilian stock market. This might be attributed to the similarities in their
economic structure, both highly dependent on commodity prices compared to other countries
(Aloui et al., 2011). The results in Table 4 also show that the Chinese stock market influences
markets in Brazil, India and South Africa. Some other unidirectional causal relations are also
found from the South African stock market to markets in Brazil and India. This result is
somewhat unexpected since the stock market in South Africa is considered as the least active
as compared to other BRICS markets.
Table 5 demonstrates the causal relationships among the stock markets in the post-BRICS
formation period. The error correction terms are estimated for all BRICS stock markets except for
China since it has no contribution to the long-term equilibrium. The t statistics indicate the
Table 4. Ganger Causality Results Based on Vector-Error Correction Model (VECM) for pre-
BRICS Formation
ΔBrazil ΔChina ΔIndia ΔRussia ΔSouth.A ECT
Dependent
variable
F-Statistics t-Statistics
(1) (2) (3) (4) (5) (6) (7)
ΔBrazil - 4.358*** 1.883 9.820*** 3.066** -
ΔChina 1.262 - 0.974 3.993** 0.987 −1.347
ΔIndia 0.113 4.645** - 2.831* 3.115** -
ΔRussia 1.891 0.349 0.860 - 0.116 0.128
ΔSouth.A 0.510 2.986* 0.490 6.306*** - 3.714**
Note: Column (1) illustrates stock markets under consideration as dependent variables. Columns (2) to (6) indicate
asymptotic Granger F statistics for short-term causality. Column (7) shows the t statistics which tests the null
hypothesis and indicates if each lagged ECT is statistically insignificant. ***, **, * indicate rejection of the null
hypotheses under 1%, 5% and 10% levels of confidence, respectively.
Table 5. Ganger Causality Results Based on Vector-Error Correction Model (VECM) for post-
BRICS Formation
ΔBrazil ΔChina ΔIndia ΔRussia ΔSouth.A ECT
Dependent
variable
F-Statistics t-Statistics
(1) (2) (3) (4) (5) (6) (7)
ΔBrazil - 0.354 5.582*** 5.999*** 0.373 −1.760*
ΔChina 1.243 - 7.283*** 3.441** 0.507 -
ΔIndia 2.989* 1.874 - 7.937*** 0.726 2.641**
ΔRussia 0.474 0.680 1.178 - 0.407 1.998**
ΔSouth.A 2.248 0.040 0.383 6.215*** - −1.513
Note: Column (1) illustrates stock markets under consideration as dependent variables. Columns (2) to (6) indicate
asymptotic Granger F statistics for short-term causality. Column (7) shows the t statistics which tests the null
hypothesis and indicates if each lagged ECT is statistically insignificant. ***, **, * indicate rejection of the null
hypotheses under 1%, 5% and 10% levels of confidence, respectively.
Al-Mohamad et al., Cogent Economics & Finance (2020), 8: 1747890
https://doi.org/10.1080/23322039.2020.1747890
Page 11 of 19
existence of various long-term causal relationships among the remaining stock markets: for
instance, from India, Russia and South Africa to Brazil; from Brazil, Russia and South Africa to
India; from Brazil, India, and South Africa to Russia; and from Brazil, India, and Russia to South
Africa. Nevertheless, the t statistics is insignificant for South Africa. The results of the F statistics
show that the Russian stock market continues to play a significant role in the post-BRICS formation
era since it causes all other BRICS stock markets, as it did in the pre-BRICS formation. The results
also indicate for the existence of a bi-directional causality among the Brazilian and the Indian
stock markets. Finally, the Indian stock market is found to have a short-term causal effect on the
stock markets in Brazil and China.
4.4. Innovation accounting analysis
The application of the Granger Causality test within the VECM above might be considered
a qualitative measure of causal relationships—i.e. the test investigates the existence and direction
of short-term effects on selected variables, but not the size of the effects (Almohamad et al.,
2018). In this section, we conduct a dynamic analysis of causal relationships (viz. an innovation
accounting analysis) that involves the Variance Decomposition and Impulse Response Function in
order to quantify and thereby measure the exact degree of short-term causal impacts between the
stock markets in the pre- and post-BRICS formation periods.
4.4.1. Variance Decomposition (VD)
The decomposition of the forecast error variance of BRICS stock markets provides an insight into
the relative contribution of one variable in creating deviations in its own return and other markets’
returns (Janakiramanan & Lamba, 1998). Based on the outcomes of the Johansen-Juselius coin-
tegration test, where one common cointegration vector has been found in both pre- and post-
BRICS formation periods, the VD analysis is applied via the error correction-term (ECT).
Table 6 shows the results of the VD test for the pre-BRICS formation period. The results reveal
that the stock market in Russia appears to be the most exogenous of the BRICS markets, as it
Table 6. Decomposition of forecast error variances for all stock markets in pre-BRICS
Formation sub-period
Innovation in Markets
Dependent
Variables
Weeks Brazil China India Russia South.A
Brazil 2 99.198 0.023 0.131 0.353 0.292
6 97.592 0.363 0.161 1.746 0.135
10 94.944 1.180 0.251 3.381 0.240
China 2 1.991 97.443 0.023 0.146 0.394
6 1.840 94.652 0.050 0.154 3.301
10 1.339 89.967 0.243 0.746 7.703
India 2 36.552 0.029 63.009 0.067 0.341
6 42.985 0.210 55.556 1.076 0.171
10 46.046 0.999 49.930 2.812 0.210
Russia 2 0.189 0.133 0.199 99.401 0.075
6 0.125 0.253 0.158 99.311 0.150
10 0.089 0.689 0.732 98.228 0.259
South.A 2 55.082 0.463 0.158 0.507 43.788
6 56.441 0.840 0.269 3.102 39.346
10 55.767 1.415 0.658 6.920 35.237
Note: Table illustrates variance decomposition of forecast error variances for stock markets (Brazil, China, India,
Russia and South Africa) in pre-BRICS formation sub-period. Forecast error variances are for 2, 6 and 10 weeks.
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almost completely explains its own error variance. This result is in line with the short-term
causality outcomes in Table 4, where the Russian stock market was found to be Granger-causing
all other BRICS markets. As mentioned above, this may be attributed to the economic similarities
between Russia and Brazil, as well as to the volume of exports from Russia to China and India. On
the other hand, Table 6 indicates that the stock market in South Africa seems to be the most
endogenous market, as the highest percentage of its error variance is explained by other markets,
and it only explains on average 39% of its own error variance. This outcome is consistent with the
cointegration testing results for pre-BRICS formation—see Equation (5)—where the South African
stock market was the dependent variable. Finally, Indian and South African markets are highly
impacted by the Brazilian stock market for 10 weeks periods ahead.
Table 7 demonstrates results of the VD test for the post-BRICS formation period. The results do
not indicate any significant change from the pre-BRICS formation period—the stock market in
South Africa remains the most endogenous variable and its error variance is largely explained by
stock market movements in Brazil. Again, this may be due to strong trade relation among Brazil
and Africa, pertinently Brazil was ranked as the third largest trading partner of Africa, primarily for
South Africa and Nigeria in 2010 (SAIIA, 2013). Results in Table 7 also indicate that the stock
market in China seems to be the most exogenous variable in the post-BRICS formation period,
which is consistent with the outcomes of the cointegration test in the post-BRICS formation period,
where the stock market in China does not share in the long-term co-movement among BRICS stock
markets. Moreover, Indian and South African markets continue to be highly impacted by the
Brazilian stock market, although less impact as compared to the pre-BRICS formation period.
4.4.2. Impulse Response Function (IRF)
The aim of the impulse response function is to provide insight into the patterns and time path of
reactions of BRICS stock markets due to shocks (“impulses”) in these markets. The IRF analysis also
illustrates the duration of the effect of a shock originating in a BRICS stock market on each of the
other stock markets. The generalized impulse response function developed by Koop et al. (1996)
Table 7. Decomposition of forecast error variances for all stock markets in post-BRICS
Formation sub-period
Innovation in Markets
Dependent
Variables
Weeks Brazil China India Russia South.A
Brazil 2 94.872 0.012 0.825 4.253 0.036
6 90.706 0.016 0.508 8.439 0.328
10 89.111 0.102 0.401 9.787 0.596
China 2 1.684 98.024 0.218 0.007 0.065
6 1.020 98.677 0.176 0.069 0.055
10 0.713 98.334 0.683 0.075 0.192
India 2 14.126 0.792 83.919 1.047 0.114
6 19.369 1.145 77.378 1.274 0.832
10 23.884 0.882 72.428 1.017 1.785
Russia 2 0.042 0.598 0.648 98.649 0.060
6 0.603 0.642 1.163 97.350 0.240
10 1.558 0.489 2.406 94.965 0.579
South.A 2 18.624 0.655 15.614 1.065 64.040
6 15.536 0.502 20.269 1.591 62.099
10 13.363 0.352 24.040 1.358 60.883
Note: Table illustrates variance decomposition of forecast error variances for stock markets (Brazil, China, India,
Russia and South Africa) in post-BRICS formation sub-period. Forecast error variances are for 2, 6 and 10 weeks.
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and Pesaran and Shin (1998) is used here because it is invariant to different orderings of variables
in the system (Enders, 2010). In our analysis, we consider 1, 5 and 10 week horizons to allow
responding markets to adjust back to equilibrium.
Table 8 shows the results of the impulse response analysis during the pre-BRICS formation
period. We notice that, in general, the stock market in South Africa appears to be the most
endogenous variable because it exhibits the highest response to shocks arising in other BRICS
stock markets. This supports the findings of the cointegration and weak exogeneity tests in pre-
BRICS formation period. On the other hand, the Russian stock market seems to be more exogenous
than other BRICS markets since it exhibits the highest response to its own shock, whereas its
responses to shocks in its BRICS counterparts appear to be negligible. Table 8 also illustrates that
none of the impacts of the shocks in BRICS stock markets dies out completely by week 10, which
suggests that none of the BRICS stock markets are able to quickly return to the long term
equilibrium after being affected by a shock originating in another BRICS stock market.
Table 9 shows the responsiveness of BRICS stock markets to shocks in each other in the post-
BRICS formation period. We notice that although the shocks in the BRICS stock markets have
a decreasing effect from Week 1 onwards, they do not die out completely by week 10. Table 9 also
reveals that the stock market in China is the most exogenous market as it is least responsive to
shocks in its BRICS counterparts. This may be attributed to the sensitivity and responsiveness of
the Chinese stock market to international, rather than regional factors such as the U.S-China trade
conflict that was magnified when the U.S government imposed higher tax rates on commodities
imported from China. On the other hand, the stock market in India is found to be most active as
compared to other BRICS stock markets. Finally, the overall results of the impulse response
analysis provide a clue from increased responsiveness of stock markets in BRICS countries to
shocks in each other after the formation of the bloc as compared to pre- formation period.
These outcomes are consistent with the findings of the Johansen-Juselius cointegration and
Table 8. Generalized Impulse Response by country to one standard deviation innovation in
each stock market (pre-BRICS Formation)
To One SD Impulse In
Market
Responding
Weeks Brazil China India Russia South.A
Brazil 1 16.414 1.514 9.140 3.982 1.197
5 14.076 2.473 8.395 2.738 1.380
10 12.672 3.794 7.938 3.859 0.870
China 1 1.004 10.887 0.803 −0.560 0.142
5 1.402 10.886 0.126 −0.941 0.349
10 0.664 10.161 0.142 −0.232 0.440
India 1 0.720 0.954 12.939 −0.195 0.583
5 0.800 0.146 11.98 0.155 0.639
10 0.762 0.277 9.483 0.282 0.565
Russia 1 1.434 −3.044 −0.894 69.130 3.242
5 1.419 3.927 2.566 60.792 0.585
10 −1.418 7.884 7.146 52.474 5.180
South.A 1 4.668 8.368 2.885 3.510 64.11
5 3.900 9.222 2.458 1.285 50.128
10 3.381 1.163 2.456 2.030 41.920
Note: Table illustrates generalized impulse response by country to one standard deviation innovation in each stock
market (pre-BRICS Formation). There is one, five and ten week horizon.
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exclusion tests in the post-BRICS formation period where more variables contribute to the long-
term equilibrium relationship.
5. Conclusions
The results of this study demonstrate that the degree of financial integration among the BRICS stock
markets has moderately strengthened in the post-BRICS formation period compared to the pre-BRICS
formation period.All BRICS stockmarkets, except China, nowcontribute to the cointegration relationship
compared to only three markets in pre-BRICS formation period (China, Russia and South Africa).
The results of Granger causality testing indicate there is a unidirectional causal relationship from
the Russian stock market to its BRICS counterparts in both periods. This might be due to the
important role of the Russian energy exports to its BRICS counterparts, especially, China and India.
Further, the results of Variance Decomposition and Impulse Response analyses demonstrate that
the Chinese stock market appears to be the most exogenous market—i.e. it is less affected by
shocks in other BRICS stock markets, probably due to its stronger international trade linkages.
The results of this paper have important implications for portfolio investors and policy makers.
The presence of increased linkages among BRICS stock market indices that the opportunity for
portfolio diversification among BRICS stock markets has decreased but has not been entirely
eliminated. Since the Chinese stock market appears to be more influenced by global rather than
regional economic trends and financial conditions, it continues to exhibit a large degree of
independence with only weak linkages to its BRICS counterparts. As such, BRICS can still be
considered as a destination for global portfolio diversification. However, if as seems likely, the
other BRICS economies eventually become more integrated into the increasing influential
Chinese economy with respect to trade, foreign direct investment flows, and migration, it is
possible that this avenue of risk avoidance for international financial investors will correspond-
ingly diminish. It remains to be seen whether this future will eventuate.
Table 9. Generalized Impulse Response by country to one standard deviation innovation in
each stock market (post-BRICS Formation)
To One SD Impulse In
Market
Responding
Weeks Brazil China India Russia South.A
Brazil 1 16.706 1.950 6.613 −2.104 0.742
5 15.156 1.553 5.066 5.193 0.540
10 13.950 0.666 6.097 4.913 0.506
China 1 0.110 94.865 0.649 0.584 0.126
5 0.523 93.228 0.615 0.885 0.904
10 −0.418 77.713 1.304 0.557 0.441
India 1 5.552 10.103 15.050 −1.474 0.794
5 7.248 4.246 14.525 0.359 0.968
10 8.504 7.142 13.893 −0.266 1.071
Russia 1 −0.589 2.882 −4.580 46.768 −2.915
5 0.444 3.471 −3.380 39.468 −2.881
10 7.363 1.144 −5.280 29.707 −4.360
South.A 1 3.930 1.176 4.665 5.510 8.840
5 2.872 8.032 4.727 6.455 7.811
10 2.090 3.345 4.714 1.181 7.051
Note: Table illustrates generalized impulse response by country to one standard deviation innovation in each stock
market (post-BRICS Formation). There are one, five and ten week horizons.
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The research in this paper has considered the level of integration between BRICS markets to help
identify where the most benefits from portfolio diversification can be achieved. While this is one
factor that needs to be considered when making investment decisions, another key factor is to
consider the macro-economic factors and other residual variables that will influence the perfor-
mance of different stock markets. The techniques used in this paper can be an important tool in
future research exploring the impact of the various residual variables on the integration of
markets.
Further, by building on the analysis in this paper, including the techniques applied, another
important area of future research would be to apply this to study issues of volatility linkages and
volatility spillovers between different financial markets. These are important new areas of empiri-
cal research that can be explored further.
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Notes
1. For studies of developed economies see Taylor and
Tonks (1989), Chan et al. (1992), Kasa (1992),
Arshanapalli and Doukas (1993), Allen and
Macdonald (1995), Masih and Masih (1997), Wang
et al. (2003), Hunter (2006), Pukthuanthong and Roll
(2009), Assidenou (2011), Nikkinen et al. (2012),
Padhan and Sujit (2013), Lehkonen (201), and
Deltuvaite (2015). For studies of Asian economies
see Chan et al. (1992), Yang et al. (2003), Erie and
Aldrin (2008), Abo Majid et al. (2009), and Seth and
Sharma (2015). For studies of Latin American
economies see Choudhry (1997), Garrett and Spyrou
(1999), and Diamandis (2009). For studies of the
MENA economies see Darrat et al. (2000), Assaf
(2003), Neaime (2005), Bley and Chen (2006),
Legoarde-Segot and Lucey (2007), Alkulaib et al.
(2009), Genc et al. (2010), Chaudhry and Boldin
(2012), Neaime (2012), Goucha and Hamdi (2014),
Bakry and Almohamad (2018), Almohamad et al.
(2018), and Al-Mohamad et al. (2018).
2. The descriptive statistics are available from the
authors on request.
3. The results of unit root tests are available from authors
on request.
4. The rank of matrix Π denominated by r shows the
number of cointegration vectors. There are three pos-
sible cases (Almohamad, 2016):
a. Matrix Π has a zero rank, r = 0, which indicates
that there is no long-term stationary linear rela-
tionship among yt variables.
b. Matrix Π has a full rank, r = n (invertible matrix),
which indicates that the variables are stationary in
levels I(0).
c. Matrix Π has a rank of 0 < r < n, which implies
that there are r cointegrating vectors among yt
variables and matrix Π can be expressed as Π = αδ′
where α and δ′ are of dimension r × n. δ represents
the matrix of cointegrating vectors, while α denotes
the matrix of weights with which each cointegrat-
ing vector goes through each of the Δyt equations.
5. Prior to applying the Johansen-Juselius cointegration
test, we identified the appropriate lag length based on
Akaike Information Criteria (AIC).
6. The following country abbreviations are used:
Br = Brazilian stock market, Ch = Chinese stock mar-
ket, In = Indian stock market, Ru = Russian stock
market, SA = South African stock market.
7. SADC is an economic bloc including 16 African coun-
tries (https://www.sadc.int/about-sadc/)
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